Treatment options for the pathology of the long head of the biceps tendon have included nonoperative management, limited synovectomy, subacromial decompression, repair of rotator cuff pathology, biceps tenotomy, and biceps tenodesis. Current literature for biceps tenodesis has focused on the adaptation of open techniques into arthroscopic procedures. We review the current literature, indications, and techniques used in the armamentarium for treatment of this problem. Good clinical results have been shown with the use of several soft tissue tenodesis techniques for tenodesis of the long head of the biceps.
| HISTORICAL PERSPECTIVES
Treatment options for the pathology of the long head of the biceps tendon have included nonoperative management, limited synovectomy, subacromial decompression, repair of rotator cuff pathology, biceps tenotomy, and biceps tenodesis. 1Y3 Debate continues with regard to whether tenodesis or tenotomy may be preferable in some clinical situations. Several authors have reported good results with tenotomy; however, concerns regarding cosmesis and functional limitations remain.
4Y7
Tenodesis has demonstrated good to excellent results in the literature with authors describing several techniques performed both open 8Y17 and arthroscopically.
18Y28
Open techniques for biceps tenodesis include placing the tendon in a keyhole, 8, 15 suture of the tendon at the origin of the intertubercular groove or lesser tuberosity, 10Y12,14 transfer to the coracoid/conjoint tendon, 9, 14 and placement into bone tunnels. 13 Early reports demonstrated good to excellent relief of pain with open biceps tenodesis.
Neer classically described his observations that bicipital tenosynovitis often accompanied degenerative tendonosis or rupture of the rotator cuff in patients with impingement on the anterior acromial arch. He advocated treatment of the impingement syndrome with anterior acromioplasty and resection of the coracoacromial ligament. He also recommended decompression of the biceps tendon and removal of any osteophytes in the bicipital groove to avoid the need for tenodesis. 1 Neviaser et al described the ''four-in-one arthroplasty for the acromial arch syndrome and biceps tenosynovitis.'' The 4 procedures included excision of the coracoacromial ligament, an acromioclavicular arthroplasty (excision of the distal 1 cm), an anteroinferior or oblique acromioplasty, and tenodesis of the biceps tendon in the groove with the elbow at 80-to 90-of flexion. 2, 3 Becker and Cofield demonstrated deterioration of the long-term results of isolated biceps tenodesis and recommended careful evaluation for impingement syndrome and rotator cuff pathology. They advocated that the tenodesis be done as part of a larger procedure to address the associated cuff pathology. 14 With the advent of new and evolving technology, arthroscopic techniques have been developed that include the use of suture anchors at the intertubercular groove, mini-open or subpectoral tenodesis with screws, 17, 21 arthroscopic tenodesis with interference screws, 22, 23, 26, 27 and suturing of the tendon at the intertubercular groovepulley system or to the conjoint tendon. 20, 24, 25 Most authors have reported consistently good results with these techniques. Frequently, biceps tenodesis is incorporated into arthroscopic repairs of rotator cuff tears. 20, 25 
| INDICATIONS/CONTRAINDICATIONS
The pathophysiology related to the long head of the biceps problem includes inflammatory changes, instability, and trauma. 29 Concurrent rotator cuff disease and impingement syndrome have been recognized as contributing to secondary biceps tendinitis and degeneration. Primary bicipital tendinitis is restricted to isolated inflammation of the biceps tendon within the bicipital groove without associated shoulder pathology (Fig. 1) .
A recent histological investigation by Neviaser et al 30 demonstrated a high incidence of chronic inflammatory changes and gross degeneration of the long head of the biceps in shoulders with either partial thickness or fullthickness rotator cuff tears. These authors obtained biceps synovial biopsies at the time of arthroscopy during treatment of impingement syndrome in a consecutive series of 200 patients. They found that the incidence of biceps pathology was directly proportional to the extent of the rotator cuff tear. They further found that abnormal histological findings in the biceps tendon were directly proportional to patient age. Dislocation of the long head of the biceps can also occur with a rotator cuff tear (Fig. 2) . The 2 most frequently involved tendons are the subscapularis and supraspinatus. Walch et al 31 evaluated 71 patients with subluxation or dislocation of the long head of the biceps tendon to delineate this association. They used a combination of clinical presentation, plain films, and arthrography to determine the presence of a rotator cuff tear and dislocation of the biceps tendon. These findings were correlated to their findings at the time of operation. The authors observed a complete subscapularis tear in 23 of 46 patients with dislocation of the biceps tendon from the intertubercular groove. Furthermore, they found that 70% of all dislocations in their series were associated with massive rotator cuff tears including the supraspinatus and infraspinatus.
The basis for electing to perform tenodesis centers on the clinical history, physical examination, age of the patient, activity level, associated pathology, failure of previous surgery to address impingement, ability to comply with postoperative rehabilitation, and, most importantly, the intraoperative assessment. Younger patients that are more active may not tolerate the cosmetic appearance and functional limitations associated with biceps tenotomy. 4 Wolf et al 4 in a cadaveric study demonstrated a significant risk of distal migration and reduced load to failure in tenotomized specimens subjected to cyclic loading. They noted no failures in specimens treated with tenodesis using an interference screw.
Intraoperative inspection of the intraarticular and extraarticular portions of the tendon is very important. Capillary dilatation, synovitis, and fraying are signs of a diseased biceps tendon (Fig. 3) . 16, 29 These findings may be confined to the extraarticular portion of the tendon, necessitating inspection by pulling the tendon into the joint. Fraying of the tendon can be used to guide treatment. Recommendations based on the percentage of the tendon involved certainly strongly influences treatment decisions. Patients with less than 50% involvement of the tendon have in the past often been treated using arthroscopic debridement of the tendon. Greater than 50% involvement will require tenodesis. 19, 23, 26, 28 However, younger, more active patients may benefit from more aggressive treatment with consideration for even if only 25% to 30% of the tendon is involved. Also, medial subluxation of the biceps tendon almost always occurring with associated tears of the subscapularis should be treated with biceps tenodesis and subscapularis tendon repair. 23 Age is another consideration. Younger patients, particularly those younger than 45 years; muscular patients; and those with a thin to medium body habitus are candidates for tenodesis. Older, more sedentary patients and obese patients may be better candidates for tenotomy. 26 Walch et al 7 reported good results with simple tenotomy especially in the presence of a massive, irreparable rotator cuff tear. Osbahr et al 6 found little difference in the cosmetic appearance, grade of muscle spasm, and level of anterior shoulder pain in patients treated with arthroscopic biceps tenotomy versus tenodesis. They performed a tenotomy in patients that were older than 50 years with no work requirement for significant manual labor and in patients who were not candidates for rotator cuff repair. 6 
| PREOPERATIVE PLANNING
Patients with bicipital pathology generally present with shoulder pain. A thorough history can elicit symptoms of pain along the course of the biceps. Frequently, the patient's symptoms may mimic those of impingement with pain when reaching above and behind the back. And of course, impingement symptoms may often occur along with biceps symptoms. Pain with activities such as throwing or overhead sports may prompt evaluation for biceps anchor pathology such as is seen with superior labrum anterior and posterior lesions. A history of painful snapping at the shoulder could be due to subluxation of the biceps tendon in the groove. 32 Complete rupture of the long head of the biceps tendon commonly presents with complaints of deformity in the upper arm and weakness in supination. 29 Physical examination includes measurement of active and passive range of motion for both shoulders. Loss of forward flexion, internal rotation, and a painful arc of motion from 70-to 120-are associated with rotator cuff pathology but may represent signs of associated biceps tenosynovitis and tendon hypertrophy. 1, 33 Point tenderness at the intertubercular sulcus is the most common physical examination finding. 16, 29 The arm is placed in 10-of internal rotation, and the groove is palpated approximately 7 cm distal to the acromion. The arm is then placed in external rotation and pain specific to the biceps tendon should move laterally. Speed's and Yergason's tests can be used to elicit pathology of the biceps tendon. 29 However, a recent report by Holtby et al demonstrated a sensitivity and specificity for Speed's of only 32% and 43%. Yerganson's test likely yielded a sensitivity and specificity of 75% and 79%. Therefore, strong emphasis should be placed on the patient's history when interpreting the results of these and other tests. 34, 35 Because of the intra-articular location of the biceps tendon, differential injections can be diagnostic. An initial injection of a lidocaine can be delivered into the subacromial space. This injection will usually temporarily alleviate symptoms associated with impingement and rotator cuff pathology. The patient is then reexamined for range of motion and using provocative tests. When biceps area pain persists, a second injection is then given directly into the glenohumeral joint. Resolution of pain at the intertubercular groove along with improved range of motion and conversion of biceps-specific tests can help isolate the biceps tendon as the source of pain. Finally, a third injection may be required if pain persists. This injection is given into the biceps groove/tendon sheath; however, direct injection into the tendon should be avoided. 15, 29 Imaging studies begin with plain radiographs. Although of little value in disorders of the biceps tendon, they may demonstrate changes associated with impingement and rotator cuff problems. Arthrography can demonstrate narrowing and vacuolization of the tendon. Frank dislocation of the tendon can also be visualized. 10, 31, 36 Magnetic resonance imaging (MRI) provides valuable information regarding the rotator cuff; however, its utility other than in demonstrating biceps subluxation and dislocation is debatable. The combination of an arthrogram with either computed tomography or MRI improves the diagnostic accuracy.
10,31
| TECHNIQUE Techniques to accomplish biceps tenodesis include fixation into bone tunnels, suture anchor fixation, transfer to the conjoint tendon, incorporation into rotator cuff repairs, and transtendon fixation into the rotator interval. Current literature has focused on the adaptation of open techniques into arthroscopic procedures.
18Y28
The average intraarticular biceps tendon distance is 35 T 5 mm with the arm positioned at the side. 22 Osbahr et al 6 noted that although the biceps tendon is intraarticular, it is extrasynovial and covered by the synovium of the capsule. They described a ''Chinese finger trap'' mechanism based on the dual layers of the investing synovium that tethers the released tendon at the groove. In addition, the mesotendon serves as a checkrein to prevent further sliding. 6 The authors, as well as others, have used suture fixation for tenodesis of the biceps tendon into the rotator interval tissue. 20, 24, 25 The tenodesis can also be incorporated into a rotator cuff repair of the subscapularis, supraspinatus, or both. 25 Recently, an arthroscopic adaptation of DePalma's transfer of the biceps tendon to the coracoid was developed. 18 The authors combined standard subacromial Volume 9, Issue 1 decompression and acromioplasty with transfer of the long head of the biceps tendon to the conjoint tendon in an effort to reduce the high failure rates of biceps tenodesis at the proximal humerus. Injury to the musculocutaneous nerve is a potential complication using this technique. There are several authors who have described open and arthroscopic repairs using interference screw fixation. 37Y40 Mazzocca and Romeo described techniques for both an arthroscopic and a limited incision subpectoral biceps tenodesis with the use of a tendon/ tenodesis driver complex. 37, 38 The open technique uses arthroscopic mobilization of the tendon, which is later retrieved, placed into a keyhole within the bicipital groove, and secured with an interference screw. Mazzocca et al 37 in a short-term follow-up study of 22 patients treated with this minimal incision technique described no failures and no loss of function. The arthroscopic techniques are performed in the subacromial space after the glenohumeral portion of the arthroscopy has been completed and the biceps tendon tagged, then sectioned at its insertion. The bicipital sheath is identified in the subacromial space and sectioned. The tendon is retrieved out the anterior cannula or an accessory anterolateral portal and tagged with suture. The tendon is then doubled over a lead suture and snared at the bottom of the interference screw, or a strand of the suture is fed through the bottom of the screw. The biceps tendon or tendon/tenodesis driver complex is then brought into the keyhole in the humerus and fixed. The screw is inserted into the hole with the arm flexed at the elbow to achieve the appropriate tension on the biceps tendon. Short-term results for these procedure types have shown only 2 failures that were attributed to screw diameter and tissue friability.
38Y40
The authors' preferred technique to carry out soft tissue tenodesis can be performed in either the beach chair or lateral decubitus positions and begins with range of motion and stability testing under anesthesia. Diagnostic arthroscopy of the shoulder is performed after the creation of standard posterior and anterior portals. The rotator cuff, biceps anchor, labrum, and articular surfaces are all inspected for reaction, fraying, tearing, and instability. Finally, the biceps tendon is visualized and palpated, and the extraarticular portion of the tendon is pulled into the joint and carefully evaluated. The decision to carry out soft tissue tenodesis is based on the patient's clinical history, physical examination, and the intraoperative findings. If greater than 50% (30% involvement in younger individuals) of the tendon is involved, this tenodesis technique is generally used when no rotator cuff tear is seen. In the setting of a rotator cuff tear, the authors usually incorporate the tenodesis into the arthroscopic repair using suture anchor sutures.
When no rotator cuff tear requiring repair is present, a spinal needle is directed from outside to inside through the rotator interval tissue or anterior edge of the supraspinatus tendon. This spinal needle serves as a guide for placement of a 2-to 3-mm skin incision. Next, a Mitek Suture Grasper (Depuy Mitek, Raynham, Mass), loaded with a permanent braided suture (i.e., #2 Fiberwire suture; Arthrex, Naples, Fla), is passed through the soft tissues and into the glenohumeral joint. This device is used to pierce the biceps tendon approximately 1 cm distal to it origin (Fig. 4A) . The suture is then unloaded and retrieved through the anterior cannula (Fig. 4B) . This step is then repeated without preloading the suture passer, and the suture passer is used to pierce the tendon at a more distal location on the biceps tendon (Fig. 4C) . The device is then used to retrieve the previously passed suture from the anterior cannula to create a mattress-type suture pattern (Fig. 4D ). These same steps are then repeated with another suture (Fig. 4D) . Next, arthroscopic scissors are used to transect the biceps tendon close to the superior labrum/biceps anchor origin (Fig. 4E) . Traction on the sutures confirms adequate suture placement and stability through the released biceps tendon (Fig. 4F) . Subacromial assessment is carried, out and these sutures ends are identified (Fig. 4G) , retrieved, and each separately tied in the subacromial space using standard arthroscopic knot tying (Fig. 4H) .
When a tear of the subscapularis, supraspinatus, and/ or infraspinatus is present, biceps tenodesis is usually accomplished using the arthroscopically placed suture anchor sutures for rotator cuff repair. If the rotator cuff tear is very small, the tenodesis technique previously described is used and the biceps tendon cut at its origin before directing the arthroscopic instruments into the subacromial space. For larger tears in which the biceps can be accessed through the rotator cuff defect, retrieval of the suture anchor sutures through both the rotator cuff tear and the biceps tendon is carried out. The suture grasper is directed into the subacromial space through the anterior portal. The rotator cuff tendon is pierced first, then the biceps tendon, and, finally, one limb of the suture anchor suture is retrieved. This step can be repeated to create another simple suture pattern or as a mattress-type pattern. After suture passage, the biceps is released from its origin before knot tying. This effectively incorporates the biceps tenodesis in the arthroscopic rotator cuff repair. The number of anchors used depends on the size and orientation of the rotator cuff tendon tear, but one or both sutures from the most anterior anchor are usually used for the biceps tenodesis. Similarly, the biceps can be tenodesed using suture anchors sutures when anchors are used arthroscopically to repair subscapularis tendon tears (Fig. 5 ). 20 reported on 15 patients undergoing biceps tenodesis incorporated into the rotator cuff repair. Postoperative evaluation at a mean of follow-up of 32.4 months showed satisfactory results in 93% of patients. One patient with an unsatisfactory result continued to have pain and weakness despite a postoperative MRI that demonstrated an intact rotator cuff and tenodesis. One patient did develop clinical signs of biceps tenodesis failure resulting in a ''pop-eye'' deformity, but with a good overall result.
| RESULTS

Checchia et al
Habermeyer et al 41 performed 23 arthroscopic tenodesis procedures on patients with either partial rupture of the tendon or instability of the intraarticular portion of the tendon. They presented good midterm results in their younger (average age, 45 years) cohort of patients presenting with rotator interval lesions leading to biceps tenosynovitis. 41 A recent review of our experience with both bony and soft tissue tenodesis techniques demonstrated that both techniques provide reliable fixation. 42 We performed 33 consecutive soft tissue tenodesis procedures with only 1 clinical failure at an average of 16-month follow-up. A rotator cuff tear was repaired concurrently in 20 of these patients (60%). No intraoperative or postoperative complications occurred. The postoperative protocol was varied according to the extent of the rotator cuff repair, but no additional procedures were required. Boileau et al 27 described an arthroscopic tenodesis that uses an interference screw for fixation of the tendon into the proximal humerus. They reported no deficits of flexion or extension in the ipsilateral elbow. Although they performed a bony tenodesis, it is noteworthy that the strength of the tenodesed biceps averaged 90% of the contralateral side. Also, they had 2 failures as demonstrated by distal retraction of the biceps muscle.
| POSTOPERATIVE MANAGEMENT
Postoperative management after biceps tenodesis is largely influenced by the presence or absence of a rotator FIGURE 5 . The biceps tendon has been tenodesed using the suture anchor sutures used to also repair the subscapularis tear demonstrated here. S indicates subscapularis.
FIGURE 4.
A, A suture passer preloaded with permanent braided suture is passed through the biceps tendon approximately 1 cm distal to the biceps origin. B, The suture is then unloaded and retrieved out the anterior cannula. C, The unloaded suture passer pierces the biceps tendon in a more distal location to retrieve the suture limb from the anterior cannula so as to create a mattress type suture pattern. D, Two sutures are seen through the biceps tendon creating a crisscross mattress suture construct. E, Arthroscopic scissors are used to transect the tendon close to its insertion. F, Traction on the suture confirms adequate suture placement across the released tendon. G, The 4 suture limbs are identified in the subacromial space during subacromial assessment. H, Two arthroscopically tied knots are seen in the subacromial space after the suture limbs are separated and tied.
Volume 9, Issue 1 cuff repair. If an isolated biceps tenodesis is performed, a sling is encouraged for 3 to 4 weeks postoperatively. Organized exercises limited to passive and active assisted range of motion are started immediately after surgery. Gentle strengthening exercises are allowed after 4 weeks, and no restrictions are imposed after 8 weeks.
If a rotator cuff repair is performed concurrently, early postoperative rehabilitation is generally limited to passive and active assisted range of motion for 6 weeks. Active range of motion exercises are then initiated and are followed by strengthening exercises after 8 to 10 weeks. Unrestricted activity is usually allowed after 3 months.
